Background-We postulated that antibodies to platelet factor 4/heparin complex might contribute to recurrent ischemic events in patients with acute coronary syndrome. Methods and Results-We analyzed serum from patients enrolled in the placebo/unfractionated heparin arm of the GUSTO IV-ACS trial who had high likelihood of prior heparin exposure. We selected 109 patients without thrombocytopenia with the 30-day primary end point (death, myocardial infarction [MI], or revascularization) and 109 age-, gender-, and race-matched controls who did not achieve the primary end point. An ELISA for anti-platelet factor 4/heparin antibodies was performed using 48-hour serum samples. The analyses were done by blinded investigators, and the results were correlated with clinical outcomes. 
S
everal clinical studies have demonstrated that the development of thrombocytopenia in patients with acute coronary ischemic syndromes is associated with higher rates of major adverse clinical events, including hemorrhage and thrombotic events such as death and myocardial infarction (MI). [1] [2] [3] [4] [5] [6] Although the association between thrombocytopenia and hemorrhage is apparent, the increased risk of MI and death in this group requires additional study. When multivariate analyses are performed that account for known causes of thrombocytopenia (such as intra-aortic balloon pump and coronary artery bypass grafting), comorbidities, and other factors that are known to predispose to higher adverse event rates, thrombocytopenia remains an independent prognostic indicator for poor outcomes. [2] [3] [4] Thus, it does not seem that the presence of thrombocytopenia is simply a predictive marker for identifying a "sicker" group of patients.
Antibodies to the platelet factor 4/heparin complex are linked to the pathogenesis of heparin-induced thrombocytopenia type II (HIT II) and the thrombotic complications associated with this syndrome. 7 Because the antibodies may induce thrombosis by activating the vascular endothelium as well as platelets, 7 we postulated that the presence of these antibodies would increase the risk of thrombotic events, even in nonthrombocytopenic patients. In this study, we have examined this hypothesis using the sera from 218 patients with a high likelihood of prior heparin exposure who were enrolled in the GUSTO IV-ACS trial. 8 Our findings demonstrate that anti-PF4/heparin antibodies are an independent predictor of 30-day MI in this patient population.
Methods

Patient Population
GUSTO IV-ACS was a randomized, placebo-controlled, multicenter trial designed to assess the safety and efficacy of 24-or 48-hour infusions of abciximab in patients with non-ST-segment elevation acute coronary syndrome who were not undergoing early revascularization. 8 Patients were randomly assigned to 1 of 3 groups, placebo (nϭ2598), 24-hour abciximab infusion (nϭ2590), or 48-hour abciximab infusion (nϭ2612). Blood samples for creatine kinase and creatine kinase-MB enzyme levels were drawn at baseline and 8, 16, 36, and 48 hours. The primary end point of the study was the 30-day composite end point of death or MI.
In the present study, patients were selected for high likelihood of previous heparin exposure based on prior MI, percutaneous coronary intervention, or coronary artery bypass grafting. All patients were selected from the placebo arm (no abciximab therapy) and from the unfractionated heparin study group. Patients with thrombocytopenia (defined as a platelet count Ͻ100 000/mm 3 with a decline of Ն25% from baseline) were excluded. Out of 121 patients meeting these criteria, 12 did not have stored serum samples. Thus, we studied 109 patients with major adverse cardiac events and selected 109 age-, gender-, and race-matched controls from the same group who did not have adverse outcomes. Serum samples were stored in 1-mL aliquots at Ϫ70°C until the assay was performed.
ELISA for Anti-PF4 (Bound to Polyvinylsulfonate)
All assays were performed in duplicate in a blinded fashion using serum samples from the 48-hour time point (except for 1 sample from 36 hours). The GTI-PF4 assay (Genetic Testing Institute) detects IgG, IgA, and IgM against PF 4 bound to polyvinylsulfonate and is considered a standard assay for the detection of heparindependent antibodies. 9 
Statistical Analysis
The relationships between anti-PF4/heparin antibodies and clinical events were tabulated, and the probability value was calculated based on the 2 or Fisher's exact test for each variable. The probability values for the continuous variables (demographics) were obtained using the t test. A multiple logistic regression analysis was performed using the independent variables to predict clinical events. The nonsignificant independent variables were dropped, and a final model was determined.
Results
Twenty-three of 218 patients (10.6%) had a positive anti-PF4/ heparin antibody assay. The ELISA absorbance (405 nm) was 0.510Ϯ0.137 in the anti-PF4/heparin-positive group and 0.245Ϯ0.064 in the anti-PF4/heparin-negative patients. The patient demographics, risk factors, and clinical characteristics were similar in the 2 groups (Table 1 ). There was no significant difference in the time interval between prior MI and study enrollment in the antibody-positive and -negative groups (not shown). Table 2 shows pertinent laboratory data from the 2 groups. The baseline and nadir platelet count did not differ between the antibody-positive and -negative groups. Patients with antibody positivity had a slightly higher serum creatinine (1.29Ϯ0.95 mg/dL) compared with antibody-negative patients (1.04Ϯ0.60 mg/dL). Table 3 show the medications taken by the antibodypositive and -negative groups. There was similar use of antiplatelet and anticoagulant therapy between randomization and 48 hours and between 48 hours to 7 days.
The overall GUSTO IV-ACS trial results have been previously published. 8 In the present study, patients with anti-PF4/heparin were more likely to have 30-day death or MI (30.4% versus 11.3%, Pϭ0.011) or MI (21.7% versus 6.2%, Pϭ0.008) than patients who were negative for the antibody (Table 4) . After multiple logistic regression analysis was performed, anti-PF4/heparin remained a predictor of 30-day death or MI (odds ratio, 4.0; 95% CI, 1.4 to 11.3; Pϭ0.0093) and MI (odds ratio, 4.6; 95% CI, 1.4 to 15.0; Pϭ0.0108), as shown in Tables 5 and 6 . Figure 1 shows the Kaplan-Meier curves for the occurrence of MI ( Figure 1A ) and death or MI ( Figure 1B) . Although there was a 2-fold higher rate of death in patients with the antibody (13.0% versus 6.2%), this difference did not reach statistical significance (Pϭ0.217). There was no difference in the occurrence of revascularization (39.1% versus 42.6%; Pϭ0.753) or in the composite end point of death, MI, or revascularization (52.2% versus 49.7%, Pϭ0.826). At 30 days, there were only 2 strokes (1 intracranial hemorrhage and 1 nonhemorrhagic cerebral infarct), both occurring in the antibody-negative group. There was a single case of pulmonary embolism in the antibody-negative group at day 7.
At 1 year of follow-up, there were 5 deaths (21.7%) in the antibody-positive group compared with 24 deaths (12.3%) in the antibody-negative group (Pϭ0.203).
Discussion
The major finding of our study is that patients who have antibodies to the platelet factor 4-heparin complex, even in the absence of thrombocytopenia, have a significantly higher rate of 30-day MI than those who lack these antibodies. Because we analyzed 48-hour samples from patients with prior heparin exposure, our study focused on patients who had anti-PF4/heparin antibodies before study enrollment. The 30-day primary end point (death or MI) was significantly higher in patients in this report (11.3% or 30.4%) compared with the overall study population (8.0% to 9.1%), based largely on our selection of patients with prior MI, percutaneous coronary intervention, or bypass surgery.
There are 2 forms of HIT. The first is the nonimmune, milder form with a fall in platelet count 1 to 4 days after the start of heparin administration. This form often resolves even though heparin administration is continued. Type II HIT, in contrast, occurs in 1% to 3% of patients who receive unfractionated heparin. 10 Antibodies from patients with HIT II recognize a complex of platelet factor 4 and heparin or PF4 bound to endothelial cells. [11] [12] [13] Antibodies that recognize PF4 alone have also been identified. 13 Seroconversion occurs 5 to 10 days after the initiation of heparin therapy except in 
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patients with prior heparin therapy. These patients may have a more rapid onset of thrombocytopenia. 9 Although thrombocytopenia is a defining characteristic of HIT II, the platelet count is often not severely depressed, with a median platelet count of Ϸ60 000/mm 3 . 14 In many patients with anti-PF4/heparin antibodies, the platelet count falls but remains within the normal range. Thrombotic complications can occur in patients with normal platelet counts 13 and thrombosis is the principal clinical manifestation regardless of the degree of thrombocytopenia. 15 The spectrum of thrombocytopenia in the HIT II syndrome may be related to the variability of responses to platelets to heparin-dependent IgG antibodies. 16 -19 In addition to activating platelets, these antibodies can also induce a thrombotic response on the endothelial surface. 10, 11 It is possible that some subclasses of antibodies react better with platelets whereas others preferentially target the endothelium, with thrombosis being the clinical manifestation in either case. Our study specifically involved patients who had acute coronary syndromes to examine the clinical significance of anti-PF4/ antibodies in the absence of thrombocytopenia. In the absence of this clinical marker, these patients might escape suspicion for being at increased risk of thrombotic events.
In HIT II, the risk of thrombosis is 5% to 10% per day for the first 2 days after heparin is discontinued 20 and may persist for weeks thereafter. In a retrospective 14-year single-center study of HIT, Warkentin and Kelton 21 characterized 127 patients with HIT II confirmed using the 14 C-serotoninrelease assay. A subset of 62 patients who initially presented with isolated thrombocytopenia had a remarkable 52.8% rate of thrombosis at 30 days. 21 Most events were venous, with only 1 of these 62 patients (1.6%) having had a MI. 21 From this and other studies, the major thrombotic manifestation of HIT II seems to be venous thrombosis, with a relatively low risk of MI. However, the baseline medical condition being treated before the onset of HIT II or anti-PF4 seroconversion likely plays a major role in determining the thrombotic manifestations. Patients being anticoagulated for hip surgery, for example, have a high rate of venous thromboembolism as clinical manifestation of HIT II. 15 The association between anti-PF4/heparin and 30-day MI was likely accentuated in our study because our patient population presented with acute coronary syndromes. Persistent thrombin generation from the culprit lesion for up to 30 days after the acute event, 22, 23 along with antibody activation of platelets and endothelial cells in the vicinity of the plaque, could lead to recurrent thrombosis within the coronary artery.
Our results confirm a previous study that examined the effect of anti-PF4/heparin in an acute coronary syndrome population. Mattioli et al 24 measured anti-PF4/heparin titers in 124 consecutive patients with unstable angina. Thirty-eight patients (30%) had a positive anti-PF4/heparin ELISA. At 1-year follow-up, the combined end point (death, MI, recurrent angina, urgent revascularization, stroke) was 66% in patients with anti-PF4 antibodies and 44% in the antibodynegative group (PϽ0.01). Notably, these 2 groups did not have significantly different platelet counts, confirming that the presence of anti-PF4 antibodies cannot always be discerned by the development of thrombocytopenia.
Our study is also consistent with a recent report of reduced vein graft patency in 18 patients who developed HIT in the post-coronary artery bypass grafting period. Patients with HIT had 68% saphenous vein graft occlusions within 6 months of surgery versus only 20% occlusion for controls, PϽ0.001. 25 The introduction of direct thrombin inhibitors has provided an attractive alternative to heparin for managing patients with acute coronary syndromes. Bivalirudin has been approved for patients with unstable angina undergoing percutaneous coronary interventions. 26 Lepirudin 27 and argatroban 28 have been approved by the Food and Drug Administration for treatment of HIT-related thrombosis. A recent meta-analysis has shown that there is a 15% reduction in death or MI when patients with acute coronary syndromes are treated with direct thrombin inhibitors compared with heparin. 29 The superiority may be attributable to better penetration into thrombi and inhibition of thrombus-bound thrombin. 30 The lack of generation of anti-PF4/heparin antibodies could be another mechanism for the benefit of these agents.
Although alternatives are presently available for treating patients with HIT when it is recognized, our study raises the concern that a group of patients with acute coronary syndrome and anti-PF4/heparin antibodies may evade clinical detection. Additional studies will be necessary to determine if patients should be screened for the antibody and whether the substitution of direct thrombin inhibitors for heparin in this subset of patients with acute coronary syndromes will be especially beneficial.
Study Limitations
There are several limitations to our study. The number of patients with antibodies to PF4/heparin is small, despite selecting for patients with prior heparin exposure. Therefore, to assess the application of our report to the general acute coronary syndrome population, these findings will need to be duplicated in a larger cohort of patients. It is likely that some additional patients who were treated with heparin during the course of this study developed anti-PF4/heparin antibodies that contributed to 30-day events but whose seroconversion was not detected because of blood sample collection at the 48-hour time point. On the other hand, the earlier detection of the antibody may allow for alternative treatment, especially using direct thrombin inhibitors during the hospital course and agents such as clopidogrel for outpatient therapy.
